Abstract. The main objective of this research project is to study the application of structural systems based on light gauge cold-formed steel framing to housing in subsidence zones, having the following scopes: characterize the typical settlements in a discontinuity due to subsidence, to build a laboratory facility to simulate these settlements, to simulate and to evaluate numerically and in laboratory in a full scale model the structural performance of a house subjected to settlements due to subsidence, in terms of its stresses and strains and, eventually, its capacity of retrieval to its nondeformed shape.
Introduction

Land subsidence
Land subsidence subsidence due to groundwater withdrawal is widespread in the Mexican territory in recent decades in valleys where the aquifer consists of unconsolidated material such as alluvial, lacustrine, or volcano-sedimentary deposits geologically recent [1] [2] [3] [4] [5] [6] . When the aquifer bedrock is irregular, the land subsidence causes faults and fractures on the surface granular fills damaging the existing urban infrastructure [7, 8, 3] . Ground fracturing associated with land subsidence has been widely studied in several places in the world [9] [10] [11] . In Mexico, the phenomenon is not unknown, especially in floodplain areas in central Mexico, such as Celaya, Silao, Queretaro, San Luis Potosi, Morelia, Mexico City, etc., where some problems related with subsidence and fractures associated with overuse of granular aquifer were reported. mostly built with masonry, which are particularly designed to transfer loads in compressive, shear and plane flexure way, through walls to a foundation system. The most widely used systems are confined masonry walls with reinforced concrete beams and columns and also internal reinforced masonry wall, which both met the requirements for structural masonry located in seismic zones. However, the problem of land subsidence subsidence induced structural deformations of a different nature to the problems caused by dynamic lateral loads.
Light gauge steel framing construction
Cold formed steel is a type of steel with thickness of its cross section of the order of a few millimetres. Some of the most common sections that are managed commercially are shown in " Figure 1" . However, the advantage of this type of material is that can produce non-standard sections and unusual geometries, which, being very light, are able to perform structurally very efficiently for many applications, including construction of housing. The advantages of building with cold formed steel in areas affected by land subsidence are that this system has an extremely favorable mechanical behavior from the standpoint of ductility, making it ideal for absorbing significant deformations without significant damages. Also, the versatility and practicality of this method of construction, allows to repair quickly and easily any structural element of the affected building.
General objective
The main objective of this project is to analyze the technical feasibility of applying the constructivestructural systems based on cold formed steel (light gauge steel framing -LGSF) for housing in areas affected by ground cracking associated with the phenomenon of land subsidence . This means meeting the following objectives: -To define the characteristic ground settlements that are generated at the edges of a crack in the ground due to land subsidence. -To build and implement an experimental device capable of simulating in laboratory these settlements.
-To simulate numerically using advanced structural analysis software the structural behavior of a model house LGSF under differential settlements due to land subsidence.
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-To simulate in laboratory the structural behavior (scale 1:1) of a housing structure, with differential settlements caused by land subsidence. -To assess the structural behavior in terms of the magnitude of stresses and strains suffered and the ability of the structure to return to its non-deformed configuration.
Experimental methodology
Structural materials
The steel sheet used to manufacture the structural elements is hot rolled with a yield strength of 33 ksi (ASTM A 653). The methodology used in this research project consisted basically in four experimental stages. It is noteworthy that the project is still in process, we are working specifically on Stage 3.
Stage 1. Fabrication of structural elements
-To design and to detail the structural elements, so they can be reproduced as many times as necessary without any variations in their dimensions.
-To fabricate structural elements ensuring that stresses during the manufacturing process are smaller than the maximum allowable in the process of structural design.
Stage 2. Structural analysis and design of prototype house
-To design and propose the most appropriate structural elements of cold formed steel (LGSF) for a prototype house.
-To detail the connections of structural elements of the LGSF prototype house.
-To perform experimental studies of some of the structural elements and connections to verify the real response of the elements. -To compose a calculation document that contains the performance of prototype house before gravitational and lateral loads.
Stage 3. Design and construction of the device to simulate ground settlements
-To design and to build a platform or a device for laboratory simulation of differential settlements as observed in reality by land subsidence.
Stage 4. Construction of prototype house and structural experimentation
-To erect and assemble the house prototype.
-To submit the house prototype to conditions of stresses and strains caused by differential settlements similar to those observed by land subsidence.
-Prototype instrumentation to record the displacements and strains presented.
-Analysis and comparison of experimental results with the expected results related to numerical models, in terms of stresses and strains.
Results
As mentioned above, this research project is still in process, so that the results presented are partial.
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Stage 1. Fabrication of structural elements
The manufacturing process consists in passing the steel sheet by a rolling machine, the number and design of the rollers are made exclusively according to the profile to make. During the manufacturing process the steel sheet is subjected to different processes of forming and extension of its surface, so that may be affected by stresses that would weaken some parts of its cross section. To obtain a good result in the manufacture of the profiles is highly desirable to have a mathematical simulation model of finite elements to know the deformations to which is undergoing steel sheet in order to limit maximum strain imposed on the material. In this work we used a program called COPRA ®, which is a software capable of calculate step by step the maximum strains to which is undergoing the steel sheet to obtain the final profile. " Figure 2 " through " Figure 5 " are presented some results obtained with this software for the manufacture of the profiles.
Stage 2. Structural analysis and design of prototype house
For purposes of structural design and laboratory testing a 1:1 scale prototype, we chose a one story house corresponding to a prototype of the Housing Institute of the State of Aguascalientes (IVEA), Mexico, which is normally structured based in internally reinforced masonry walls of concrete blocks and roof slab system based on reinforced concrete beams and slabs. 03001-p.4
For purposes of structural design and laboratory testing a 1:1 scale prototype, we chose a one story house corresponding to a prototype of the Housing Institute of the State of Aguascalientes (IVEA), Mexico, which is normally structured based in internally reinforced masonry walls of concrete blocks and roof slab system based on reinforced concrete beams and slabs.
Structural analysis
In the process of structuring the house the criteria and construction techniques for this type of construction (LGSF) were considered [12, 13] . To carry out the structural analysis of the house, we used commercial software, making a linear 3D analysis of first order, that is to say, considering proportionality between stresses and strains, the principle of superposition of actions and a geometrically linear behavior of materials and structure, taking into account combinations of gravitational loads (permanents and variables) and accidental loads (wind and quake). By this analysis we obtained internal forces of structural members, which were compared with the maximum allowable strength capacities for each profile based on the type of demand to which they are subjected (compression, tension, bending, compression and bending, shear, torsion and / or combination of all).
Structural Design
The process of structural design of the house prototype consists in designing the cold formed steel structural profiles according to AISI 2007 Edition: North American Specification for the Design of Cold-Formed Steel Structural Members and Commentary on the Specification the AISI (American Iron and Steel Institute) - [14] , determining the stresses and strains, and stability, according to the principles of rational mechanics and strength of materials, using a linear first-order analysis. It is of significant importance in the design of these elements, the consideration of local, distortional and lateral-torsional buckling.
Stage 3. Design and construction of the device to simulate ground settlements
This stage consists in design and build a platform or a device for laboratory simulation of differential settlements as observed in reality by land subsidence. In this sense, there is already a step forward in the conceptual design of this platform, which is shown in " Figure 6 ". Basically, the platform consists of 18 sub-platforms that may have a vertical scroll independently of each other, so it is possible to simulate the characteristics of ground settlement due to land subsidence, and it may represent various configurations of faulting.
Conclusions
Cold formed steel is a very interesting alternative for housing construction, since it presents several advantages over other traditional construction materials, however, it is necessary to consider many additional factors in the process of structural analysis and design, since it is a formed thin sheet material is more likely to be affected by the effects of buckling in its section. Also, the manufacturing process of cold formed steel is a critical factor for the structural behavior, because during the bending and forming of the section, it may induce strains and stresses that can reduce the strength and capacity of the section. On the other hand, once attained the objectives of this research project, will be possible to give a satisfactory response to the problem of damaged housing due to differential settlement caused by 03001-p.5 land subsidence, since mechanical properties of steel, will "absorb" properly the strains provoked without suffering major damage in its structure. Likewise, the possibility of carrying out repairs in a simple and quick way, in houses based on light gauge steel framing which were damaged by land subsidence. 
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